NANOTECHNOLOGY IN DISEASE DIAGNOSIS
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INTRODUCTION
NNI or National Nanotechnology Initiative defined nanotechnology as the study of every element that is about 100 nanometers or less. A nanometer is 1 billionth of a meter in size [1]. In minor element dimension, the proportion of exterior atoms/molecules to the entire quantity amplify is one of the biggest advantages which results in having a great surface area which direct it to enlarge the surface movement also generating modifications in the biological characteristics as well as physical characteristics. Some other advantages of nanoparticles are:  
· Sustained and inhibited release
·  Super bioavailability
· Capacity to target
· Abridged toxicity
· Inexpensive
· Improved the permeability
· More accurate and less invasive surgery
· Provide effective freedom to the brain and intracellular compartment
· Faster dissolution especially in the internal aqueous fluid
· Faster, safer and more accurate disease diagnosis
· Large scale production is feasible
· Stability of drugs in biological fluids so that it can prevent pain at the injection site
· Allergic reactions [2] 
Solid-state nanopores within graphene-based materials are on the brink of basically changing the sensing of required bioanalytes through ion trafficking across nanoporous membranes [3]. Nanotechnology that deals with the nano particles is not only limited to research field but also in various day-to-day activities. Nanotechnology together as diagnosis as well as treatment of disease is acknowledged as nanomedicine. Nano-technology is enormously essential for detecting communicable diseases in addition to viruses [4].
I. Nanoparticles: Role in Disease Diagnosis and Treatment 
Earlier nanotechnology is used in various other fields but the use of this technology in medicine is latest. The major purpose of medicine is early finding of health issues and providing suitable treatment. If nanotechnology is connected with medicine, the treatment of disease is more effective [5]. Cancer, diabetes, depression and many other diseases are very common with fast moving life. Nanotechnology in the form of nanorobots, microchips and biosensor are mostly used for diagnostic purpose [6]. Various issues are related with the old methods, it may destroy the healthy tissues owing to toxicity sourced by the drug. However nanoparticles using eco-friendly polymers are further efficient moreover eliminate the trouble [7]. Quantum dots which are nanoparticles fabricated, when placed in UV light absorb light and glow. When these nanoparticles are moved towards the inner cancerous cell then these quantum dots starts glowing and tells about the tumor. For in vivo and vitro study various nanoparticles are used [8]. Many nanoparticles are used in infectious and inflammatory diseases. 
Hepatitis is the infectious disease which is caused by the virus. It is chronic disease which is associated for whole life. Nanoparticles can be used for the diagnosis of this disease. Gold nanoparticles are more preferable for this purpose. Gold nano-protein chips are formed, which detect the antibodies for hepatitis. So, these chips are effective in diagnostic purpose. For treatment purpose, DNA vaccine coated SiO2 (LDH) nanoparticles induced antibody is used mostly [9]. 
Nanotechnology is also used in treatment of bone inflammation. Metal nanotechnology is most effective in osteoblasts formation. These nanoparticles provide more surface area for osteoblasts formation in proper manner. Titanium (Ti) is usually used nonmaterial for the bone inflammation. Super paramagnetic iron oxide nanoparticles are linked with the PLGA particles used in joint inflammation [10]. 
Nanotechnology is also effective in skin infection. One of the medicines used for the treatment of skin infection is nitric acid coated nanoparticles. Iron oxide nanoparticles have direct link with protein thrombin which provides protection against anti thrombin because it takes part in process of tissue repair. Nanoparticles help together as anti-inflammatory drugs in penetrating the skin [11]. Noble metals and their composite are used as healing agents in earlier time as a medicine for many diseases.
 In the dental field, nanotechnology help in production of nano-filled resin compound that contain small size packing particles which liquefy in higher concentration and deposited the hydroxyapatite on enamel. Pt Nps are used for enamelling process that enhances the strength of teeth [12]. 
Nanotechnology also plays important role in cardiovascular and pulmonary diseases. Nanomaterials are used to improve the heart muscles function. For this purpose, carbon nanofibers enclosed with PLGA enhances the heart muscles growth. Carbon nanotubes are the more advanced form due to their unique electrical, thermal and mechanical properties. Carbon nanotubes are specially functionalized for transport of drugs. Nano-pillars and nano-lines are effectively used in fibroblast that is most effective to check the proliferation of lung carcinoma cell lines. For this purpose choice of nano roughness and nano spherical surfaces is most significant [13]. 
Drug delivery is one of the most important aspect, especially in the research field and has more application in clinical field. For this purpose many nanoparticles are used for delivery of drugs in the diseased part of the body. For this many nanoparticles are used but more preferable nanoparticles are gold nanoparticles (Au NPs). We can use gold nanoparticles in drug delivery because of many advantages 
· can easily synthesized in the nano range such as rod like and cage like 
· due to the presence of negative charge on surface of nanoparticles they can easily functionalized with any biomolecules 
· Less toxic and so on. For proper delivery of drugs, nanoparticles is functionalized with biomolecules such as DNA enhancing the modification.
Gene therapy is an approach for the treatment of genetic diseases. For this, oligonucleotides like DNA, RNA and plasmids have healing effects. Gold nanoparticles are an ideal for RNA and DNA delivery. Oligonucleotides act as intra cellular regulatory agents. Gold nanoparticles surface is modified with the attachment of oligonucleotides. These enhance the property of NPs. These modified gold nanoparticles are important in development of therapy and gene delivery [14]. 
Nanoparticles are used in Alzheimer’s disease (AD) cure. Alzheimer’s disease (AD) is known as one of the most frequent diseases in early age people and is a serious problem in 35 million people about all over the world. The effects of this disease are increasing every year. For this purpose, many nanoparticles are used including, zinc and silver oxide, titanium oxide and silica dioxide. Many works have been done on bioactive compounds like flavonoids and selenium with oxidant nanoparticles used in treatment of Alzheimer’s disease. Nanoparticles affects on brain by increase the amount of production of reactive oxygen species by decrease in production of amyloid β (Aβ). This disease is caused due to accumulation of amyloid β (Aβ) in the brain. So, selenium rich nanoparticles are more effective in cure of (AD) [15]. 
Kidney disease is one of the serious diseases. It is common chronic disease. Magnetic resonance imaging (MRI) is the technique used for the treatment and investigation. This technique provides information about function and structure of kidney. MRI is using nanoparticles in addition to it [16]. Oral cancer is the sixth common disease present in the world. There are 5% chances to cure about this disease and requires early detection. There are many techniques which are used in the detection of disease. Most commonly used techniques are MRI, Raman spectroscopy and PET. But these methods not gave early detection about disease. When antibody bonding gold nano rods is employed in Raman spectroscopy, it will give sharper and better result
II. Different Nanoparticles Used in Diagnosis as well as Cure of Genetic Disorders
To improve the effectiveness of therapeutic preparations and many conventional diagnostics nanoparticle drug delivery system can be used. Nanoparticles are designed in such a way that they can be used to improve the pharmacokinetics, the bio-distribution of the encapsulated agents. Usually, these diagnostic agents are either encapsulated inside or attached to a specific drug delivery carrier. Therapeutic agents and diagnostics can be delivered by the nanoparticles delivery systems which can range from 10-300 nm. Through this size (at nano level), these carriers will be able to go through unhealthy tissues such as inflamed tissues or tumors and with elevated specificity on the basis of changes in the pathophysiological structure in these diseased tissues in contrast to healthy tissues that hive usual tight junctions that put off molecules at this size to go through these tissues. This is the basis of the passive targeting approach that helps the nano-carriers drug delivery system to be selective to diseased tissue as well as evade the healthy tissues. Furthermore, the surface of the nano-carriers used to transport diagnostic agents can be functionalized with a precise ligand which binds specifically to a complementary receptor at the target site, which will enhance their specificity through the active targeting. Therapeutic agents and diagnostics can be delivered by the various types of nanoparticle delivery systems used for the diagnosis and treatment of genetic disorders. 
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Fig1 Schematic depiction for the common types of nanoparticles applied in the diagnosis moreover cure of disorders
II.a. Liposomes 
Liposomes are spherical nanoparticles composed of membrane bilayer structures that encapsulate aqueous entities. The bilayer structure of the liposomes is usually composed of natural and synthetic phospholipids, includes cholesterol [17]. This liposomal structure makes these nanocarriers multipurpose as they can encapsulate hydrophilic drugs in the aqueous core plus hydrophobic drug in the membrane bilayer. Liposomes are expected to guard the loaded therapeutic or else diagnostic agent until these carriers attain the target tissue in addition to adhere to the outer membrane of the target cell. Additionally, the surface of the liposomal vesicles can be functionalized with precise ligands for specific receptor binding for active targeting [18]. Liposomes have some restrictions related to making costs and stability. The phospholipids used to manufacture these vesicles are pricey as well as prone to oxidation, which can influence the long-term storage of these nanoparticles. Nonetheless, liposome is still the largely studied type of nanoparticles as drug delivery systems. 
II.b. Niosomes 
Liposome-like vesicles, also called niosomes, or nonionic detergent vesicles, consist of a membrane bilayer that encapsulates an aqueous compartment. Niosomes are formed when the liposome phospholipids are replaced by nonionic detergents [19]. Other components that can be used in niosome preparation are charged lipids that are used to provoke specific charges on the surface of niosomes. For instance, diacetyl phosphate has been used to create negatively charged niosomes, and sterilized amines have been used to create surface positively charged niosomes [20]. Niosomes are superior to liposomes in terms of stability and manufacturing cost because the surfactants used in niosomes are steady as well as greatly cheaper in contrast to the phospholipids used in liposomes[21]. 
II.c. Dendrimers
Dendrimers are a specific class of nanoparticle drug delivery systems that can also be used to deliver therapeutics and/or diagnostics for genetic diseases. These are various types of repeatedly branched polymers using different step-growth polymerizations, such as PEG (poly (ethylene glycol), PEI (polyethyleneimine), PGA (poly (l-glutamic acid), as well as PAMAM (polyamidoamine). [22]. A dendrimer consists of an inner core with various levels of branching emerging from this core. Dendrimers are monodisperse nanoparticles, and the outer ends of these branched nanoparticles can be tailored to accomplish active targeting of charged drugs or selective imaging of various unhealthy tissues [23].
II.d. Polymeric Nanoparticles 
One of the most thoroughly studied solid colloidal particles for the delivery of therapeutic as well as diagnostic substances is polymeric nanoparticles. These nanoparticles surfaces will be conjugated or encapsulated with the targeted medicinal or diagnostic substances to be given. To attain sustained discharge of the loaded payload at the target region, polymeric nanoparticles can be utilised [24]. Emulsification, solvent extraction, nanoprecipitation, along with other techniques can be used in the creation of polymeric nanoparticles for drug delivery [25]. The ultimate composition of the manufactured polymeric nanoparticles may be nanocapsules or nanospheres, depending on the formulation procedure. Polymeric nanoparticles will shield the diagnostic or therapeutic chemicals from the body's enzymes' tendency to degrade them. Diffusion, hydrolysis, enzymatic degradation, or a combination of all these processes will be used to release the loaded payload from the polymeric nanoparticles [26]. PLA (polylactide), PLGA (Poly (lactide-co-glycolide), PCL (polyglycolide, polycaprolactone), poly (d,l-lactide), in addition to many other types of polymers can be utilised to create polymeric nanoparticles. For the creation of polymeric nanoparticles with active targeting, polyethylene glycol can also be added [27].
II.e. Micelles
Micelles are a drug delivery system in which amphiphilic molecules will be self assembled into spherical particles. The type of these amphiphilic molecules in micelles preparation will decide the final micelles category which includes lipid-polymeric hybrid micelles, lipid micelles, or polymeric micelles. The hydrophobic portion of the copolymer will make up the core of these monolayer vesicles, whilst the hydrophilic portion will be uncovered to the surrounding aqueous environment [17]. The most minuscule concentration of these molecules necessary for micelle vesicle production and self-assembly is known as the critical micelle concentration (CMC), and it is what determines whether a micellar structure will form [28]. Hydrophobic therapeutic or diagnostic substances can be confined inside the micelle's core and shielded from the degradative enzymes on the outside in the micellar structure [29]. However, micelles often have a limited capability for loading hydrophobic therapeutic or else diagnostic substances due to their low hydrophobic volume [17].
II.f. Gold Nanoparticles (AuNPs)
AuNPs are regarded as eye-catching drug delivery systems for delivering a variety of molecules like proteins, nucleic acids plus anti-cancer drugs. The cores of these NPs are non-toxic as well as inert. Furthermore, these NPs can be effortlessly produced in various sizes ranging from 1 to 200 nm with a mono disperse size distribution [30]. AuNPs can be prepared by reducing gold salts by adding reducing agent in the presence of stabilizers to prevent aggregation. The final unit size of these NPs depends on the nature of the gold salt and stabilizer used. By conjugating drugs to these nanoparticles via thiol linkages, these NPs can distribute various therapeutic and/or diagnostic agents. Gold nanoparticles have been examined by many investigators as delivery vehicles for X-ray contrast agents [31], immunostaining [32], and many therapeutic agents to facilitate uptake by target cells [33, 34].
Conclusions
 	Nanoparticles due to their small size have more surfaces to volume ratio. The surface provides larger area for chemical reaction. Nanoparticles made drug delivery easy in a specific way. They have been used in many methods as well as in many types of equipments which made them very effective. Though they are not very cheap but they increase the sensitivity. Due to SPR and fabrication properties of silver nanoparticles, these are used in bioengineering, optoelectronic, medicine nanotechnology and other advanced fields. Recently, silver nanoparticles have been used as antifungal and antibacterial agent. Through this, early findings of the diseases (like cancer) are very important. They are very effective in kidney and gastrointestinal diseases. The proteins and other molecules which get attached with nanomaterials and permit it to find the initial stages of the disease. There are many systems that have been developed to detect disease under the nanomaterial. About them, one is nano sphere, that uses AuNPs. Carbon nanotubes as well as gold nanoparticles are widely used as biosensor that detects proteins responsible for oral diseases. Viruses and other microscopic components from blood samples are separated by using Ag nanorods. This can be monitored by Raman spectroscopic signals. Recent developments in nanotechnology over the past two decades have encouraged the researchers in the field to develop new and extremely trustworthy methods for illness diagnostics. It is not surprising that the field of illness diagnostics has frequently changed due to the quick breakthroughs and inventions in nanomedicine. The application of nanotechnology in the field of nanomedicine is well established in biomedical research and clinical practise, and in the coming years, it may have a significant impact on human health. Imaging and the targeted application of nanoparticles from medication carriers are frequently employed in diagnosis. Through nanoscale sensors and tools continuous clinical care are provided for patients health. In the early stages of diseases such as leukemia and inflammation, nanoscale detectors and software are helping to improve diagnosis. However, nanomaterials have provided significant advances in disease diagnosis and have become important interventions in modern medicine.
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preventing the leakage of the encapsulated drug from these vesicles (Obeid et al
2018). Liposomes can be prepared through different methods such as hydration of a
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thin film of lipids, microwave method, ethanol injection, and microfluidic mixing
methods. Each method will end up in the preparation of liposomes with different
characteristics in terms of size, polydispersity, and lamellarity. For example, the
hydration of the thin film lipid will end up in the formation of large and multilamel.
lar vesicles with a broad polydispersity index, which requires a size reduction step
after preparation through extrusion or sonication. Microfluidic mixing. on the other
hand, can produce small, unilamellar, and monodisperse particles without the need





